A sensitive HPLC method that allows the simultaneous determination of imipramine, amitriptyline and their desmethyl metabolites, using a 10 em straight silica cartridge column with a mobile phase consisting of 0·004 % perchloric acid in methanol is presented. Detection of the eluent is at 210 nm. The drugs are back-extracted from serum, giving both a good recovery and sensitivity of at least 5 I-lgIL.
A suitable method was required for measuring tricyclic antidepressants that could cope with the infrequent requesting pattern seen for this class of drug in a district general hospital. The method had to be versatile enough to cope simultaneously with a variety of tricyclics over a sensitivity range of 5-500 I-lgIL.
A combination of a well tried extraction procedure and an adapted chromatography system originally developed for basic drugs, 1 had provided the basis for a robust, simple and easily adopted tricyclic antidepressant drug assay.
Materials and methods
Drugs and metabolites were obtained as follows:
Amitriptyline and protriptyline: Merck Sharp and Dohme, Hoddesdon, Herts, UK.
Dothiepin and northiaden: Boots pic, Nottingham, UK.
Imipramine and desipramine: Geigy Pharmaceuticals, Horsham, West Sussex, UK.
Mianserin: Organon Laboratories, Morden, Surrey, UK.
Nortriptyline: Dista Products Ltd, Liverpool, Merseyside, UK.
Trimipramine and monodesmethyltrimipramine: May & Baker, Dagenham, Essex, UK.
Stock solutions of the tricyclics were pre-552 pared in 0·005 M sulphuric acid. Working standards were prepared by dilution of the stock solutions into drug-free serum, to give concentrations of between 25-300 ug/L, The internal standard, butriptyline, was made up in 0·005 M sulphuric acid and used at a concentration of 2 mgIL.
Analar grade sodium carbonate, sodium hydroxide, perchloric acid and amyl alcohol were obtained from BDH Chemicals Ltd, Dorset, UK, and HPLC grade methanol, heptane and methyl t-butyl ether from Fisons Scientific Apparatus, Loughborough, Leics, UK.
The working extraction solvent was prepared with the addition of 1·5 parts of amyl alcohol to 98·5 parts of heptane. EQUIPMENT A Pye Unicam 4010 reciprocating pump was used with detection in the UV at 210 nm by a variable wavelength UV detector (PU4020). Spectra of the chromatographic peaks were obtained using a Pye Unicam diode array detector (PU4021). Chromatography was performed using a 10 ern x 4·5 mm LD. cartridge column (Brownlee Ltd, obtained from Pye Unicam) containing 5 urn silica. Samples were injected either manually or using a Pye Unicam autosampler (PU4700). (200 IJ.L) and 2 mL of 1 M sodium carbonate were mixed by rotation for 5 min with 10 mL of extracting solvent in a 25 mL glass tube, and then centrifuged at 3000 rpm for 5 min. The organic layer was transferred to a conical centrifuge tube containing 1·2 mL of 0·2 M sulphuric acid. This was mixed by rotation for 5 min and then centrifuged at 500 rpm for 1 min. The organio layer was discarded, 1 mL of 2 M sodium hydroxide was added together with 200 IJ.L of methyl t-butyl ether, and this was vortexed for 10 s and then centrifuged at 500 rpm for 1 min. The aqueous layer was discarded using a 2 mL syringe and blunt needle, and 50 IJ.L of the remaining organic phase was then chromatographed. 
CHROMATOGRAPHY
The analytical column was first saturated with a mobile phase consisting of 500 IJ.L perchloric acid in 500 mL methanol. The working mobile phase (500 mL methanol+40 IJ.L perchloric acid) was pumped at a rate of 2 mL per minute which produces a pressure drop of 40 bars.
Results
Standard solutions over the range 25-300 1J.g/L prepared in drug-free serum and assayed in duplicate gave a linear response ( Fig. 1 ) with a correlation coefficient (r) not less than 0·998. The precision of the method at both 25 and 200 IJ.g/L is shown in Table vl , A mixture containing amitriptyline, nortriptyline, imipramine and desipramine was satisfactorily resolved in 8 min by the described chromatographic procedure. A representative trace of a spiked serum standard at a concentration of 200 1J.g/L and 10 IJ.g/L is shown, together with a serum blank, in Fig. 2 . A typical chromatogram from a blank human serum is shown in Fig. 3 . The retention times and optimum wavelengths for detection are shown in Table 2 . The spectra for some of the common tricyclics are shown in Fig. 4 . With the use of this type of equipment identification of drugs need not be by retention time alone, but can be verified by comparing the spectra obtained with that of a reference standard.
The absolute recovery of the four representative drugs was calculated by chromatographing tricyclic extracts in triplicate, and comparing absolute peak heights with those obtained from pure solutions of tricyclics made up in methanol. At a concentration of 125 !J.g/L the recoveries of amitriptyline, imipramine, desipramine and nortriptyline were all between 75 and 80%. The relative recoveries were obtained by comparing peak heights obtained by extracting the tricyclics from water and from serum; in all cases this was 100%. Samples from the Heathcontrol quality assessment scheme covering a period of 5 months were assayed by this method for amitriptyline and imipramine, together with their desmethyl metabolites, and the results appear in Table 3 . Statistical analysis (paired t-test) of this data indicated that there was no significant difference (t<0·04, d=4) between this method and the spiked value.
Discussion
As the periodicity of antidepressant assays varied in respect of both numbers and types of tricyclic and tetracyclic drugs, we surveyed the referral pattern over the past 12 months. Assays for amitriptyline, imipramine and the tetracyclic mianserin were by far the most frequently requested for monitoring, and can all be separated on one chromatogram. The main reasons for requesting the first two were toxicity and compliance, whilst mianserin, being a safer drug, was only monitored for compliance. The concept of a 'therapeutic window' for these drugs is still only applicable in carefully controlled trials with selected patients, and therefore has little applicability in general. Although there have been advocates of straight silica with HPLC rnethodology.i the majority of tricyclic methods use reverse phase columns with ion-paired mobile phases. Because of the instability of the packing material above pH 7·5, an acidic pH is necessary. Criticisms are made of the use of straight silica due to the accumulation of endogenous substances, e.g. serum proteins on the column." With this method these problems are avoided by using a protein-free extract and acidic mobile phase. In order to gain increased sensitivity, low wavelengths -200 nm have been tried." This method is particularly suitable for low wavelengths because the simplicity of the mobile phase (methanol has a UV cut-off at 205.nm) tends to ensure a stable baseline with a high signal to noise ratio.
The chromatography system described, is based on that developed by Flanagan 1 for separating a wide range of basic drugs. Since the mobile phase only consists of a very small quantity of perchloric acid (0'004%) in methanol, once a straight silica column has been saturated with a higher concentration of perchloric acid, it is essentially a non-aqueous phase. This system shows high efficiency, stability and reproducibility, providing a long column life. Sharp symmetrical peaks are produced, with the addition of perchloric acid at low concentrations. Tricyclic drugs are retained on the column as they are apparently ionised under the conditions of the system. Increasing the ionic strength of the eluent decreases the retention times. The desmethylated metabolites, showing greater polarity than their parent compounds, are eluted before them. This system allows the mobile phase to be left in the column for equilibration, and is thus ready for immediate use when required. Re-cycling of the solvent eluate has been common practice with us for some years, yet is only now gaining wider acceptance.P Despite using the same mobile phase over several weeks, we have experienced no long-term problems with leaving the perchloric acid in the stainless steel HPLC tubing, and this has resulted in a dramatic reduction in costs. In contrast, reverse phase systems using ion pairing compounds have to be made up freshly.
Preparation of serum samples by a back extraction into a small volume of solvent has been well established in this department for a number of years, having been developed from methods such as that of Vandemark et al. 3 This prevents the variable losses and reduced recoveries seen when there is an evaporation to dryness step of the final solvent. 6 Although involving extra steps, the advantages of this procedure outweigh those of direct extraction, as can be seen from the precision data. Furthermore, extraneous peaks are removed. Using this extraction the polar hydroxylated metabolites of nortriptyline, imi~ramine and desipramine are not extracted. Solid phase extraction techniques have been used successfully with acidic drugs, e.g. anticonvulsants, for which less sensitivity is required. Methods for tricyclic antidepressants, however, demand a high level of sensitivity, and the poor selectivity inherent in the solid phase extraction technique results in an exaggerated solvent front leading to resolution problems. Attempts to clean up the extract with a series of wash steps not only negate the simplicity of this approach, but vary the recovery also, unless conditions are tightly controlled." Furthermore, the actual work intensity with this approach is no less than with our method. Both take approximately 30 min to process 10 samples.
Washing of glassware with methanol, or silanisation to deactivate the silica prior to use, appear to be unnecessary ( Table 4 ). The loss, especially of desmethylated compounds, encountered with GLC probably results from adsorption onto the analytical column.
Orsulak et al. in a paper on the quality control of tricyclics," suggest that a suitable method for therapeutic monitoring of this group of drugs should provide a level of sensitivity of 5-10 ug/L using 1-2 mL of serum, with a linear range of two orders of magnitude. This method falls well within those guidelines as demonstrated in Fig. 2 , with the level of sensitivity, defined as twice the baseline noise, in the order of 1 ug/L, Relative recoveries of 100% are often reported for methods, but this is not particularly helpful in assessing efficacy of the extraction. The absolute recovery is of greater relevance as there will inevitably be some loss of drug, resulting from the inability to remove all the solvent in the region of any liquid interface.
A method, available for immediate use on an infrequent basis, with a good level of sensitivity and precision, is provided by adopting the straight silica system, cartridge columns, reliable and stable HPLC equipment and a well tried extraction technique. Apart from the most used tricyclics, a total of 10 major antidepressants, together with their major metabolites, can be well separated within 8 min. Washing methods: A -glassware washed with decon, chromic acid, silanised, methanol rinsed. B -glassware washed with decon, chromic acid, methanol rinsed. C -glassware washed with decon, water rinsed.
